INTRODUCTION
Recent interest in 3-phenyl-5-methyl-1,2,4-oxadiazole (PMO) as a potential cigarette additive has been prompted by a number of animal inhalation experiments using cigarettes containing this compound (1) (2) (3) (4) (5) (6) (7) (8) (9) . These experiments have indicated that PMO is a mediator in the biological alterations induced in the respiratory tract by chemical irritants. In this paper, the distribution of PMO or its combustion products into smoke or residues has been followed with both unlabeled and radiocarbon labeled material.
RESULTS

Results with Unlabeled PMO
For the experiments with the unlabeled compound, cigarettes containing 1.5 Ofo PMO were manufactured and packaged on conventional machinery with a commercial blend of tobacco under standard conditions. The concentration of PMO in the packaged cigarettes was shown to remain relatively uniform and constant over many months. The selection of cigarettes for analysis on the basis of weight and draw was not practical because of the ready lpss of PMO by volatilization from individual cigarettes exposed to ambient air. The smoking experiments with unlabeled cigarettes were performed with essentially the same apparatus, and under the same conditions as described in detail for the labeled cigarettes. The uniformity of the machine-made cigarettes gave reproducible results for the distribution of PMO in smoke and butt. Although the results were reproducible, only 75-80 Ofo of the PMO originally present on the cigarette could be recovered. Chromatographic analyses of the butt, tar, and gas phase did not reveal anything unusual. Presumably the missing PMO had undergone decomposition. The results of a number of experiments with unlabeled PMO are summarized by the data presented in Table 1 . 
Results with Labeled PMO
Cigarettes prepared with radiocarbon labeled PMO [5-
14 C] provided a means of detecting PMO and its combustion products. Several recent papers in the tobacco literature make use of labeled compounds as tracers for material balance studies (1o-14), including papers by ] enkins et al. describing a smoking machine system for the quantitative recovery of the label as carbon dioxide (15, 16) . It was not feasible to reproduce ]enkins' relatively complex apparatus for this study. A simpler approach using Cambridge filter pads followed by a series of gas bubbler wash bottles was used instead. No problems were encountered in preparing homogeneous liquid scintillation samples from hexane, toluene, or . water aliquots and commercial lsc...,. cocktails. Quenching was in most cases minor and phosphorescence was not observed. The normally employed organic amines (Hyamine-1oX, phenethylamine) were not needed for carbon dioxide absorption; instead, an aqueous sodium hydroxide solution was employed. · Carbon monoxide was also trapped in a gas bubbler washing bottle, containing a silver oxide-amine solution (17) , which Table 2 shows that an average of 95·99 ± 0.58 Ofo of the label was recovered. Table 3 shows the distribution of the label. Comparison with Table 1 indicates that the PMO undergoing decomposition gives rise to carbon dioxide, carbon monoxide or organic volatiles found almost entirely in the sidestream smoke.
EXPERIMENTAL
P1'eparation of Labeled Tobacco
Cigarettes of approximately 2 Ofo PMO by weight were prepared by the following procedure. Fifty grams of a uniformly cut sample of tobacco which had been carefully screened by hand to remove overly coarse and fine particles, was added to a stirred solution of 1.02 g of unlabeled PMO in one liter of distilled hexane. After the mixture was stirred for five minutes, a solution of 20.2 mg of PMO [5- 14 C] in 18.1 ml of hexane (specific activity 5.055 JA.Cilmg) was added to the stirred mixture over a two-minute period. The slurry was stirred 30 minutes longer and the solvent was removed on a Rinco rotary evaporator at near room temperature. As is possible on the Rinco apparatus, magnetic stirring was introduced near the completion of the rotary evaporation to effect a thorough mixing of the tobacco, and this was continued until all traces of solvent were removed. The tobacco was conditioned one week inside a desiccator over a solution of sodium chloride-sucrose designed to maintain a constant 63 °/o relative humidity at 25° C (21.). The tobacco was mixed and the humidity-regulating solution was changed thr:ee times during conditioning.
Preparation of Labeled Cigarettes
A "Premier Supermatic Cigarette Machine" (Central Tobacco Mfg. Co. Ltd., Canada) set at "plain end" vvas used to prepare forty cigarettes. After the cigarettes were conditioned at 63 °/o relative humidity for one week, they were stored in a sealed glass-stoppered bottle kept inside a desiccator. Compared to commercial cigarettes, the quality of the cigarettes made on the small manually-operated machine was poor because it was not possible to obtain uniform cigarettes of equal weight and degree of compaction. Loss of loose tobacco at both ends of the cigarettes occurred easily. As a result, the relative amounts of tobacco combusted per unit length of cigarette varied. This was reflected in the larger range of puffs required and in the different label ratios observed for mainstream, sidestream, and butt. Although the variation in the relative amounts of label in the mainstream, sidestream, and butt was greater in the hand-made cigarettes, there was good PMO uniformity per unit tobacco weight. Thus the figures for the total amount of label recovered were accurate.
Calibration of Labeled Cigarettes
One cigarette was withdrawn and weighed by difference in a sealed bottle. Total exposure of the cigarette to ambient air was about five minutes. The entire cigarette was placed in a 3 3 X 9 5 mm cellulose thimble inside a Soxhlet apparatus. One gram of PMO in 1.50 ml of distilled hexane was placed in the boiling flask and 50 ml of hexane was placed in the upper chamber. The cigarette weighing bottle was rinsed with two ml of 2-propanol, and the rinsings were poured into the Soxhlet thimble containing the cigarette and the hexane. Soxhlet extraction was carried out for two hours at such a rate that the chamber was refilled every three minutes. The cooled solution was brought to 2 50 ml in a volumetric flask. A 5 ml aliquot was pipetted into 1.0 ml of 0.4 °/o Omnifluor (New England Nuclear) in scintillation grade toluene in a liquid scintillation vial. Counting was done as discussed b elow. The radioactivity present before any further experim ents were performed was found by this procedure to be 1..578 ± .035 !-!Ci/g cigarette, based on four determinations. An exact repetition of this calibration procedure after all experiments had been performed showed the presence of 1..584 ± .023 ~tCi/g cigarette, indicating there was no change in activity during storage.
A pparatus Description
A Filtrona Model 1.01. :12-port smoking machine was connected to the apparatus illustrated in Figure : r. One smoking machine port was attached by means of vacuum rubber tubing to the mainstream gas bubbler washing bottle which, in turn, was connected by T eflon tubin g to a Cambridge filter pad holder attached to the m ainstream smoking chamber port. The machine was adjusted to take a 35 ml puff over a two-second period once a minute. A w ater aspirator was used to carry the sidestream Gas bubbler washing bottles.
A: Sidestream toluene (organic volatiles). 8: Sidestream sodium hydroxide (carbon dioxide). C: Sidestream silver oxide-amine (carbon monoxide) . D : Mainstream sodium hydroxide (carbon dioxide).
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gases through two Cambridge filter pads (Teflon connections) and three gas bubbler wash bottles. A flow rate of one liter per minute of air was maintained. The smoking chamber was constructed totally of Pyrex glass. _ The mainstream gas bubbler wash bottle contained 90 ml of 1. .2 M sodium hydroxide solution for removal of carbon dioxide and traces of other compounds. The sidestream wash bottles contained, in the order which the smoke passed through them, 90 ml of toluene for removal of volatile organic compounds, 90 ml of :1.2 M sodium hydroxide solution for removal of carbon dioxide, and 250 ml of silver oxide-amine solution for removal of carbon monoxide and other easily oxidizable or complexed compounds. The gas bubbler wash bottles all had glass joints and a submerged coarse glass frit, and were of 250 ml size except for the silver oxideamine bottle which held 500 ml. The solution used in this bottle was modified from the literature (:17) as follows: :roo ml :1.5 M sodium hydroxide, 8o ml pyridine, 20 ml concentrated ammonium hydroxide, and 50 ml 1. M silver nitrate. The silver nitrate solution was added last while stirring slowly. Caution! This solution after standing tends to form explosive silver fulminate (22) . Care was exercised in its handling. It was prepared freshly and filtered soon after use. The bulk was discarded except for the sample retained for counting.
Lighting and Extinguishing Cigarettes
After the weighed cigarette was placed in the chamber and the sidestream flow was started, the cigarette was 20:1 lit quickly by a matdt held with tweezers while the cigarette madline was taking its first puff. The chamber cover was quickly put back in position. When the cigarette had reached a butt length of 20 mm, it was extinguished by the injection of 0.1 ml of water directly onto the glowing cigarette coal by means of a curved syringe needle introduced, without opening the dtamber, through one of the bottom chamber vent holes. Two more normal cycle clearing puffs were taken before both mainstream and sidestream vacuum sources were disconnected.
Preparation of Solutions for Counting
Mainstream: The mainstream Cambridge pad was placed in a cellulose thimble in the upper portion of a Soxhlet apparatus. The hexane rinsings of the mainstream pad holder and tubing, and the rinsings of the part of the chamber which had been exposed only to mainstream smoke were placed into the lower portion of the apparatus. PMO (0.5 g) was added, as was enough hexane to bring the liquid volume to approximately 200 ml. The extraction was carried out for two hours. The cooled extract was brought to 250 ml volume in a Volumetric flask. (In one run, the Cambridge pads were extracted a second time with refluxing toluene, but only a negligible amount of label was found.) The mainstream pad holder, tubing.. and appropriate chamber portion were each given a second rinsing with aCJ;Itone. To the combined rinsings were added 0.5 g PMO and 1.0 ml of toluene. The solution was rotary-evaporated to a small volume, and the residue was diluted with toluene to 50 ml in a volumetric flask. The mainstream aqueous sodium hydroxide solution was brought to 1.00 ml volume in a volumetric flask.
Sidestream: The preparation of the sidestream solutions was the same as the mainstream solutions, with the following differences: the two Cambridge pads were combined in a single cellulose thimble for extraction. Three gas wash bottles were present in the sidestream line. The toluene from the Brst wash bottle Was brought to :r.oo ml in a volumetric flask. The sidestream aqueous sodium hydroxide was treated in the manner described for the mainstream. Finally, the precipitated silver metal in the silver oxide-amine wash bottle was removed ·by filtration through a bed of Celite under water aspirator vacuum behind a safety shield. The volume of this filtrate was recorded. A small amount of the colorless solution was set aside and the rest discarded.
Butt and Ash:
A hexane extract of the butt and ash was prepared in a Soxhlet apparatus as described for the mainstream Cambridge pads. In addition, the butt and ash were leached with 50 ml of boiling water poured directly into the thimble. This aqueous extract was brought to 50 ml volume in a yolumetric flask.
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Uquid Scintillation Counting
Counting was performed on a Nuclear-Chicago Model 702 instrument set at the widest energy window (950 volts "data" and :1.475 volts "gate"). Samples to be counted were prepared by using 1.0 ml of 0.4 °/o Oil\1\i-fluor (New England Nuclear) in toluene and 5 ml of the hexane or toluene solutions. Ten ml of Aquasol (New England Nuclear) was used to prepare counting mixtures from aqueous solutions. Different amounts of the aqueous solutions to be counted were used so as to maximize gel stability of the counting mixture. For the aqueous sodium hydroxide solutions, 1.0 ml of sample and 2.0 ml of water were used. For the hot water extract of the butt and ash, J.o ml of the sample was used. Decomposition was a problem with the silver oxide-amine solution. A mixture containing 2..5 ml of water, o.J ml of concentrated ammonium hydroxide and o.:r. ml of sample solution was found to be best for addition to the Aquasol. Counting solutions were allowed to equilibrate to counting temperature (2° C) for over two hours. Eadt sample was placed in counting position for five minutes before counting was initiated. The first sanlple counted was counted again last as a check on drift. Efficiency of counting was determined for eadt sample by the addition with a microsyringe of a toluene-14 C internal standard (New England Nuclear) and recounting. The samples were corrected by subtraction of the respective background counts obtained from samples prepared from a blank run with an unlabeled PMO cigarette. The natural radioactivity of the cigarette components including the ash, a source of potassium-40, was negligible compared to that of the scintillator solvents and vials. 
